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Abrstract. The poplar (Populus tremula) belongs to the typical pioneer vegetation at former 
ore mining sites in East and Middle Europe as a result of its high metal-tolerance. Ectomycorrhizal 
(EM) fungi are known to contribute essentially to the tolerance of plants against abiotic stress. We 
have determined the absorption/ accretion potential of the poplar related to heavy metals, as well as 
the growth rhythm of this species in conditions offered by polluted sites, correlated to the presence/ 
absence of the microbiota in the soil attached to the root. The research unravels how the  poplar 
(Populus tremula), as a native species can be used in remediation actions of polluted sites based on its 
high adaptive potential, as well as on its capacity to absorb and accumulate heavy metals. In terms of 
survival strategy, mycorhrised fungi attached to the polluted soil play a significant part, since they 
induce plants a certain resistance by diminishing the absorption of heavy metals by the host plant. We 
suppose that the majority of EM associations of Populus tremula, in combination with high portions of 
metal-chelating organic acids containing fungal partners, contributes essentially to the high tolerance 
of this species against high metal concentrations in the soil. 
 





The concentration of heavy metals is high in the dump areas around abandoned mining 
sites, where waste generated by various mining processes accumulates in large quantities. 
Weathering and leaching processes could confer limited mobility to such polluting factors, 
but if we stimulate changes of a mineral, physical and chemical nature to occur, the whole 
process is accelerated. 
Given the high diversity of chemical structures that soils polluted with heavy metals 
display, as well as because of the evolutionary potential of plants to adapt to extreme 
conditions within their environment, a number of species of plants colonize areas polluted 
with metals and prove abilities to keep those eco-systems alive (Ernst, 1990). 
The selection of those species of plants that are best adapted to fields poluted with 
heavy metals and displaying high ability to absorb them is key to make any such phyto-
remediation an economically-sound process. 
Three factors will determine success: (1) the degree of contamination with metals of 
the soil; (2) the extent to which plants can absorb the combinations of metals present in soil, 
based on the chemical and physical properties of those combinations; (3) the ability of plants 
to stock metals in high quantities in their shoots. 
The phytoremediation effort ultimately consists in using plants that are tolerant to 
metals and that contribute to phytostabilization by reducing their mobility. This makes the 
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risk of further degradation of the environment to decline, both in terms of spills – over into 
the ground water or in terms of diffusion by air (Salt et al., 1995). Selected superior species of 
plants display abilities to survive and to get reproduced even in soils heavily contaminated 
with Zn, Cu, Pb, Cd, Ni, and As (Baker, 1987). 
In the soils contaminated with heavy metals the roots of plants develop symbiotic 
associations with fungi that are vesicular-arbuscular (VA), mycorrhizal (Griffioen et al., 
1994) and ectomycorrhizal (EM) (Colpaert and van Assche, 1992). Such process, while 
conferring a higher solubility to metallic compounds in soil, allows for the removal of metals 
from a much higher volume of soil than the roots alone would be able to achieve. VA 
mycorrhizae can either incrase  (Dosskey and Adriano, 1993) or make to decline (Dueck et 
al., 1986) the degree of toxicity of metals in the soils they have contaminated.  
In the area we have researched we identified: non-native and fast growing species, 
such as Pinus nigra, Robinia pseudacacia, Prunus serotina etc., planted in the area, and some 
species belonging to the regional flora, like Salix caprea, Quercus petrea, Populus tremula, 
Betula pendula, spontaneously settled. Taking into account the two categories of species, the 
goal of our research is, among others, to highlight the capacity of the poplar, as a native 
species, to absorb heavy metals in the ground layer, its resistance to extreme ecological 
conditions and to evaluate the possibility of introducing this species in the re-vegetation 
schemes in affected areas. At the same time, we analyze the concentration of heavy metals in 
the organs of Populus tremula in correlation with the microflora in soil so as to detect the 
symbiotic relations that sustain survival in the conditions offered by the tailing ponds. The 
presence of an efficient and adequate microflora in soil increases the chances of superior 
plants to survive, supporting efficiently in time the creation of a well formed vegetal layer. It 
is proved that the microflora in soil, but especially the mycorrhized fungi stimulate the 
density of roots in herbaceous and ligneous plants, thus making them more efficient in 
stabilizing and consolidating the ground layer (Ryszka et al., 2007). We consider that the 
young plants on tailing ponds are susceptible to find in the edaphic ground layer species of 
fungi with which to create new types of mycorrhizae. The present research aims to review the 
role of native species in the remediation of polluted areas, by enabling the development of 
plants similar to the original vegetation in the area, thus avoiding unwise attempts with 
species just because they are “well known” as phytoremediators, but that most often are not 
native to the area of concern. 
Using some species of native trees when trying to restore vegetation generates a grassy 
layer easily colonized with the existent native microflora. Such settlement system for 
vegetation, following a more or less natural succession, is cheaper, and by spreading species 
both through seeds and vegetative means the erosion of soil is thus slowed over a short time 
horizon (Ryszka et al., 2007). The extent to which such remediation initiative has turned into 
a long-term success becomes apparent after only a few vegetal seasons entailing follow-up 
and monitoring activities. 
 
MATERIALS AND METHODS 
 
1. Site description. For the interests of our case study we have selected the tailing 
pond in Bozanta Mare, built in 1977 and covering 1,050,000 m2. It has 30 m in depth and an 
embankment of 18-20°. The Remin Tailing pond is the result of sedimentation of water filled 
with sterile from the flotation of ore. This pond, now in preservation, is partly covered with 
vegetation either inherited from the previous attempts to ameliorate the area or from the 
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spontaneous settlement of some species, due to a primary succession. Winds easily transport 
the fine particles in the dam.   
2. Vegetation experiment. The following data referring to the settlement of Populus 
tremula  on the tailing pond have been taken into consideration: the capacity to absorb heavy 
metals (Cu, Zn, Pb, Cr, Ni, Co, Mn, Fe, Cd) in the ground layer (expressed in terms of 
concentration of these metals in the roots and leaves of the plants), the content of Na and K of 
individual plants of the same species, the rate of growth of the Populus tremula young plants, 
the role of the microbiota in soil in the survival potential of the plant. The research relies on 
the analysis of the following experimental samples: 1 - young plants grown in pots in normal 
soil, considered as “reference samples”; 2 - Populus tremula individuals planted „in situ”; 3 - 
young plants with sterilized roots grown in the ground layer of the pond; 4 - individuals with 
sterilized roots (to remove mycorrhizae fungi) grown in vegetation pots in soil from the pond  
but sterilized in order to remove the microbiota. We have ensured the removal of the 
mycorrhizae fungi by applying a fungicide and the soil was sterilized with air-pressure at 121 
degrees Celsius for 20 minutes. In each case we have considered three replicas with eight 
plants. 
3. Laboratory procedure. In each of these experiments we have determined the 
content of phytoremediation potential of this species, along with the role of the microbiota in 
the ground layer as regards the adaptability potential of each species. The vegetal samples 
consisting in roots and leaves were taken at the beginning of autumn so as to leave time for 
stocking heavy metals throughout the vegetal season. The soil and vegetal samples were taken 
from every experimental variant, were washed with deionized water and dried at 60°C for 72 
hours, and were finally converted into powder. 100 grams of powder were taken from each 
sample subjected to mineralization and then converted into solution. The samples were 
diluted, filtrated in compliance with ISO11466 and analyzed in terms of heavy metals content 
(Cu, Zn, Mn, Cd, Pb, Co, Fe, Cr and Ni) through atomic spectrometry. We have selected a 
computer – assisted AAS800 Analyser. Flamephotometry by using a Flame Photometer 410 
Sherwood has allowed for the analysis of Na and K. A reference sample without vegetal 
material was also analyzed. 
4. Plant growth dynamics. We also conducted measurements throughout the vegetal 
season so as to detect the growth dynamics of the reference species in conditions of extremely 
polluted soil. The young plants were between 1 and 2 years old and came from natural forest 
ecosystems.  When planted, we measured the main root, minor roots, and we noticed the 
degree of colonization with mycorrhizae of the roots, as well as of the main branch. 
Measurements regarding the dynamics of growth in the initial stage were done on the main 
stalk (the final bud) for three scions, respectively. Measurements were taken at 35, 40 and 70 
days after planting. 
5. Data analysis. The SPSS – version 10 software was the statistics analysis 
instrument of choice in order to conduct the variance analysis (mainly consisting in, but 
without being limited to, one-way and two-ways ANNOVA tests). 
 
RESULTS AND DISCUSSIONS 
 
We determined the concentration of heavy metal in roots and leaves, as well as the 
proportion in which metal was stored in these organs. Following these measurements we 
compared the concentrations of heavy metals in soil / ground layer with those in plants, for 
different experimental variants. The concentration of trace elements in soil is variable 
depending on the type of soil, on time, on the vegetation cover, on the activity of 
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microorganisms, on the regime of waters and on the heterogeneity of soil. Rainfall, 
evaporation or plant transpiration can change the concentration of trace elements in soil. 
Such heavy metals as Cu, Zn, Pb, Cr, Mn, Ni, Co determine general changes in cells 
since they act as enzymatic inhibitors or they precipitate important metabolites. Heavy metals 
connect sulphydryl and protein groups involved in catalytic functions or in the structural 
identity of proteins. We have conducted our analysis on Populus tremula specimens after a 
season of vegetation both on soil and in the polluted ground layer of the tailing pond. Our 
examination was extended on plants both in the presence of microbiota and of mycorrhizal 
fungi and in their absence. With few exceptions of initial necrosis, no toxicity symptoms 
could be spotted on plants. We determined the concentration of heavy metals in roots and 
leaves, as well as the proportion of metal stock in these organs. Following these 
measurements we compared the concentrations of heavy metals in the soil/ground layer with 
those in plants, for different experimental variants. The results have confirmed the survival 
capacity of Populus tremula on polluted land, its capacity to stock heavy metals, in some 
cases functioning as a hyper-accumulator, as well as involving the microbiota in the ground 
layer and mycorrhizal fungi. 
Various experimental variants behave in different ways to the exposure to high 
concentrations of copper in soil (Fig. 1). We have thus noticed that the concentration in 
copper in roots has increased considerably after we have removed the ectomycorrhizae, built 
for variant 3. The role of solubility enhancer that bacteria in the rhizosphere play comes out in 
variant 4, case in which plants were free of both mycorrhiza and of microorganisms. By 
removing mycorrhizae and microorganisms, the volume of Cu that plants could extract will 
decline. The concentration of copper in roots becomes substantially lower as compared to 
variant 3, for which the barrier effect of mycorrhizae is missing but living in soil with 
microbian activity. In normal circumstances, in which fungi are present in adequate supply, 
plants tend to prefer storing the copper especially in leaves, as demonstrated by both variant 2 
with soil from the tailing pond that is not sterilized and by the reference sample (1).  
As Pb is known for low solubility and little mobility, the absobtion of Pb remains low 
even at high concentrations (Fig. 2). All our experimental variants stand proof that Pb 
penetrates to a small extent and with difficulty toward leaves, and remains stored in roots. The 
microbiota in soil enhances to a small extent the degree of mobility of Pb (as experiment 
variants 3 and 4 reveal). Instead, the ectomycorrhizic mushrooms act as barrier against the 
relocation of Pb from soil toward roots (as came out after we have compared variant 3, 












































Fig. 1. Influence of the experimetal conditions of the 
Populus tremula growing on the Cu content 
Fig. 2. Influence of the experimetal conditions of the 
Populus tremula growing on the Pb content 
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 The poplar tends to accumulate more Ni than the underlying soil on which it growths 
(Fig. 3). Bacteria in the rizosphere boost the mobility of Ni, that becomes in higher quantities 
available to plants (see variants 3 and 4); fungi act as barrier that restricts the access of Ni 
toward roots (variants 1-2, and 3 respectively). Plants absorb more or less Zn, depending on 
the presence/absence of microbiota in soil and of mychorizic fungi. Zn proves to be a highly 
mobile element, in our case with a 108, 98 mg/kg DW presence in soil. As revealed in Figure 
4, the concentration of Zn in the plant grows in direct proportion with the concentration of Zn 
in soil. The poplar has the tendency to become a hyper-accumulator of Zn, whose 
concentration in the organs of the plant, and particularly in leaves is higher than the 
concentration of Zn in soil. This comes out for all variants „in situ” both on the reference soil 
and for the ground layer in the tailing pond. This behaviour is certainly due to the presence of 
microbiota in soil and of ectomycorrhizic fungi. The variants of poplar for which these 
components of the eco-system are missing (variants 3 and 4) absorb a smaller quantity of Zn, 
to be stored in roots or leaves, than the quantity of Zn present in the underlying soil. The role 
of barrier that ectomycorrhiza play, as well as the tendency of Zn, transformed in soluble 
status because of the microbian activity, to migrate toward leaves comes out by comparing 
variant three with variant to. In variant 4, the ratio between the proportion of Zn in roots and 
in leaves respectively, changes. The concentration of Zn was higher in the roots if 
mycorrhizic fungi and microorganisms are absent in soil (there is thus no ectomycorrhizic 
barrier). The metal that plants extract „on their own effort” is in a form of lower mobility, 











































Fig. 3. Influence of the experimetal conditions of the 
Populus tremula growing on the Ni content 
Fig. 4. Influence of the experimetal conditions of the 
Populus tremula growing on the Zn content 
 
The tailing pond in Bozanta Mare is host for Co in moderate quantities, and even in a 
lower proportion than in the soil we have labeled as „reference sample”. Nevertheless, the 
individuals of poplars we have analyzed have physiologically absorbed small quantities of Co 
(Fig. 5). While we would normally expect that an element migrates from an environment with 
higher toward an environment with lower concentration, the roots of the poplar determine the 
Co to move in opposite way, thus being against the gradient of concentration. 
As also happens with other heavy metals in the presence of mychorizic fungi, the 
quantity of Co absorbed in the roots declines; by removing those fungi, the quantity and the 
concentration of metal absorbed goes almost 10 times up (see variant 3 as compared to variant 
2). The role of the microorganisms in soil is the opposite of that of the ectomycorrhizic fungi 
in terms of the capacity of the plant to absorb Co is also obvious. While microorganisms 
make Co to become more soluble, hence with higher mobility, fungi play as barrier against its 
absorbtion (see variant 3 and 4).  
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The poplar tends to play as hyperaccumulator of Fe (Fig. 6), as proved for all versions 
we have analyzed. Microbiota and fungi stimulate Fe to migrate and to concentrate in leaves 
(see variants 1 and 2). Variants without mycorrhizic mushrooms (3) allow for a considerably 
improved capacity of plants to absorb Fe; the concentration is high in roots, as proof for the 
role as barrier that ectomycorrhiza plays, as well as for its influence to drive heavy metals 















































Fig. 5. Influence of the experimetal conditions of the 
Populus tremula growing on the Co content 
Fig. 6. Influence of the experimetal conditions of the 
Populus tremula growing on the Fe 
content 
 
The concentration in Cr is not significantly higher in the tailing pond as compared to 
the reference soil we have analyzed. As all experimental variants suggest, the roots store Cr 
(Fig. 7). This becomes obvious by comparing experimental variants 3 and 4, without fungi, 
and variants 1 and 2, without microorganisms, with variants in which the microbiota was 
intact. Microflora that develops symbiotic relationships with Populus tremula impacts 
substantially ths tree’s behavior against the Mn present in soil. In opposition to the effect that 
the microflora in the rizosphere (ectomycorrhizic fungi included) shows against all the other 
metals under analysis, it stimulates the absorbtion of Mn in the poplar and the concentration 
of Mn in roots. The concentration of Mn is higher in roots as compared to leaves in variants 
„in situ” both on the reference soil and on the soil of the tailing pond (Fig. 8). Mn is present in 
smaller concentrations in sterilized variants, this suggesting that the microorganisms in soil 
and ectomycorrhiza enhance the absorbtion of Mn in roots. The concentration of Mn in leaves 
is smaller for variant 3 than in all the other variants under analysis, which is the argument that 
microbiota associated with poplars enhances the absorbtion of Mn and drives the metal ions 
toward the leaves. Microorganisms in soil retain a portion of Mn, probably in the capsule and 
in the wall of the cell, as revealed by comparing variant 3 with variant 4. Mn is present in 
higher concentration in variant 4, without microbiota, as compared to plants grown up in the 













































Fig. 7. Influence of the experimetal conditions of the 
Populus tremula growing on the Cr content 
Fig. 8. Influence of the experimetal conditions of the Populus 




The poplar displays against Na a different behavior than against heavy metals, because 
of the relationship that the poplar has established with the microbiota attached to the roots 
(Fig. 9). Given the slightly higher concentration in Na in the tailing pond as compared to the 
reference soil, the concentration of  Na in the plants we have analyzed is significantly lower, 
in roots but especially in leaves. The removal of ectomycorrhiza (as in variant 4) does not 
generate significant changes in the concentration of Na as compared to the variant that was 
not sterilized, thus demonstrating a minor role for fungi in the metabolism of sodium. 
Microbiota in the rizosphere, however, retains Na in considerable quantities, as comes out by 
comparing experimental variants 3 and 4. In the absence of microorganisms following the 
sterilization of soil, the concentration of Na in the roots of the poplars went significantly up. 
As both the literature in the field and our experiments have revealed, plants tend to 
absorb potassium against the gradient of concentration, because of their nutritional needs. 
Microorganisms in the rhizosphere retain only some of the available potassium, as plants also 
„compete” for potassium to meet their nutritional needs. Thus only in the plants grown up in 
the absence of any microorganisms the concentration of potassium in leaves reaches a 
maximum, as the comparison between experimental variants 3 and 4 with variants cultivated 
„in situ” reveals (Fig. 10). Ectomycorrhiza allow for for improved nutrition, instead, by 













































Fig. 9. Influence of the experimetal 
conditions of Populus tremula growing on the Na 
content 
Fig. 10. Influence of the experimetal conditions 
of Populus tremula growing on the K content 
 
The presence of microbiota in soil is 
particularly significant for Populus tremula during the 
first stage of vegetative growth. The sprouts (but also 
the secondary stipites) of the saplings with sterilized 
roots and planted in the sterilized soil of the tailing 
pond display little growth. This stands true even for 
those saplings that were planted in dedicated 
containers, thus being shielded against the efects that 
microclimatic factors would produce, because of the 
exposure of the plant and because of the slope. The 
reference saplings grown on forest soil have displayed 
the most significant growth. 
Our research has entailed, on one hand, the 
plantation of  poplars directly in the natural 
environment of the tailing pond (namely with intact 
Fig. 11. Influence of the 
experimental variant on the Populus 
tremula saplings sprout during 70 days 
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microflora relocated from the original soil into the roots and with rizosphera in formation out 
of the native microflora of the tailing pond). It has also entailed, on the other hand, planting 
poplars in the soil of the tailing pond but with sterilized roots. The differences we have 
spotted between the two categories of poplars as earlier mentioned are not fully relevant, 
because of a complex of microclimatic factors that put the poplars cultivated in the natural 




The present study reveals the potential Populus tremula plays in the re-vegetation of 
land that was strongly polluted with heavy metals as a consequence of industrial uses. Various 
associations between microorganisms and fungi in soil, as well as the particular conditions of 
that soil trigger Populus tremula to develop various strategies for survival. Populus tremula 
tends to be a hyper-accumulator of heavy metals. 
Different organs of the poplar absorb not only different quantities of cobalt, iron and 
chromium, but also in different concentrations. Our experiments have confirmed the support 
that mycorrhizal fungi extend to the poplar in order to boost his capacity to survive in the 
harsh environment of the tailing pond. Fungi make the radicular absorbtion of heavy metals 
and sodium to decline.   
 All our experimental variants reveal the adaptive capabilities of native species in their 
symbiosis with the microflora associated with their roots. The formulation of any sort of re-
vegetation strategy will have to take into account symbiotic particularities and will have to 
address not only supportive action targeting superior plants, but considering all the parts of 
the ecosystem as a whole. 
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